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a  b  s  t  r  a  c  t
Recently,  it  has  been  suggested  that  impairments  in  executive  functioning  might be  risk  factors  for
the  onset  of alcohol  use  rather  than  a result  of  heavy  alcohol  use.  In  the present  study,  we  examined
whether  two aspects  of executive  functioning,  working  memory  and  response  inhibition,  predicted  the
ﬁrst  alcoholic  drink  and ﬁrst  binge  drinking  episode  in young  adolescents  using discrete  survival  anal-
yses.  Adolescents  were  selected  from  several  Dutch  secondary  schools  including  both  mainstream  and
special education  (externalizing  behavioral  problems).  Participants  were  534  adolescents  between  12
and 14  years  at baseline.  Executive  functioning  and  alcohol  use  were  assessed  four  times  over  a  period
of two  years.  Working  memory  uniquely  predicted  the  onset  of ﬁrst  drink  (p  = .01)  and  ﬁrst  binge  drink-inge drinking
dolescents
urvival analyses
ognition
ing  episode  (p =  .04)  while  response  inhibition  only  uniquely  predicted  the  initiating  of  the  ﬁrst  drink
(p  =  .01).  These  results  suggest  that the association  of executive  functioning  and  alcohol  consumption
found  in  former  studies  cannot  simply  be interpreted  as an  effect  of alcohol  consumption,  as  weaknesses
in  executive  functioning,  found  in  alcohol  naïve  adolescents,  predict  the  initiating  of  (binge)  drinking.
Though,  prolonged  and  heavy  alcohol  use  might  further  weaken  already  existing  deﬁciencies.
© 2015  The  Authors.  Published  by  Elsevier  Ltd. This  is an  open  access  article  under  the CC  BY-NC-ND. Introduction
Recent studies have demonstrated associations between cog-
itive deﬁcits and (heavy) drinking in adolescents (Fernie et al.,
013; Hanson et al., 2011; Khurana et al., 2012; Nigg et al., 2006;
queglia et al., 2009; Tapert et al., 2002). Especially binge drink-
ng seems to be associated with cognitive deﬁcits in adolescents
nd young adults (Hermens et al., 2013; Peeters et al., 2014). An
mportant question that arises from these ﬁndings is whether these
eﬁcits are present prior to and predict the onset of drinking or
hether the (heavy) use of alcohol induces these deﬁcits. Although
his relationship has been investigated in several studies (Fernie
t al., 2013; Hanson et al., 2011; Khurana et al., 2012; Nigg et al.,
006; Squeglia et al., 2009; Tapert et al., 2002), none of these studies
ave included alcohol-naïve adolescents at baseline, which clearly
imits the interpretation of the associations found. In the present
tudy we therefore examined whether the relative weaknesses in
∗ Corresponding author at: Utrecht University, Heidelberglaan 1, 3584 CS Utrecht,
he Netherlands. Tel.: +31 30 2533056.
E-mail address: m.peeters1@uu.nl (M.  Peeters).
ttp://dx.doi.org/10.1016/j.dcn.2015.04.003
878-9293/© 2015 The Authors. Published by Elsevier Ltd. This is an open access article unlicense  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
executive functions (i.e., working memory and response inhibition)
predict the initiation of the ﬁrst alcoholic drink and the ﬁrst binge
drinking episode in young adolescents.
1.1. Cognitive development in adolescence
During adolescence several important cognitive functions
mature and develop. Executive functions such as working mem-
ory, attention and response inhibition, continue to mature until late
adolescence (Blakemore and Choudhury, 2006; Casey et al., 2008).
These functions are important for the planning, organization and
coordination of other cognitive processes (Baddeley, 1983; Miyake
et al., 2000), and involve neural networks including different areas
in the prefrontal cortex. In contrast to other brain regions (e.g., the
visual cortex), the prefrontal cortex undergoes changes until late
adolescence (Blakemore and Choudhury, 2006). Working memory,
in particular, continues to mature until late adolescence (18–21
years; Luna et al., 2004). In addition, basic levels of response inhibi-
tion are already present in early childhood; young children already
able to inhibit responses, however, improvement of this function
continues into adolescence (Luna et al., 2004). Both working mem-
ory and response inhibition are important for cognitive control; the
der the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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bility to suppress thoughts and impulses in order to achieve long-
erm goals (Bunge and Wright, 2007; Luna et al., 2004; Steinberg,
007). Cognitive control has often been related to risk behavior
Casey et al., 2008; Steinberg, 2007). It has been argued that the
lower maturation of the prefrontal cortex, and the accompanying
radual development of cognitive control, might underlie the often
bserved increases in risky behaviors during adolescence, including
inge drinking (Casey et al., 2008; Steinberg, 2007). A different line
f research has suggested that the increase in risk-taking behavior
s a motivational issue (Crone and Dahl, 2012). It is more reward-
ng, and thus more motivating, for adolescents than it is for adults
o engage in risky behaviors because of factors such as peer accep-
ance or popularity, which might explain the increased risk-taking
ehavior during adolescence (Crone and Dahl, 2012). The delayed
evelopment of the prefrontal cortex and associated cognitive con-
rol skills in adolescents might therefore not represent a “deﬁcit”
r immature functioning, but rather a highly ﬂexible and adaptive
evelopment, tuned to the social demands adolescents encounter
for a detailed description see Crone and Dahl, 2012). Nevertheless,
n both lines of research, the development of cognitive control in
ate adolescence plays an important role in explaining risk-taking
ehaviors in adolescents.
.2. Executive functioning and alcohol use
Working memory (i.e., keeping information active) and
esponse inhibition are two important executive functions often
xamined in relation to alcohol use (Khurana et al., 2012; Nigg
t al., 2006; Verdejo-Garcia et al., 2008; Wiers et al., 2007). Deﬁcits
n response inhibition and working memory appear to increase
utomatic and impulsive response in such a way that behavioral
esponses in relation to alcohol stimuli are more likely directed by
mmediate satisfaction of needs than pursuance of long-term goals
Grenard et al., 2008; Thush et al., 2008; Peeters et al., 2012, 2013;
iers et al., 2007). In other words, deﬁcits in executive functioning
imit individuals to respond in a controlled and planned manner to
lcohol stimuli, leading to more impulsive and automatic responses
hich have been associated with increased alcohol use (Grenard
t al., 2008; Thush et al., 2008; Peeters et al., 2012).
Several longitudinal studies have examined the direct effect
f relatively poor executive functioning on drinking behavior in
dolescence. Nigg and colleagues (2006), for instance, found that
oor inhibition skills in early adolescents (12–14 years, N = 498)
redicted later (15–17 years) problematic alcohol use. Likewise,
hurana and colleagues (2012) found that relatively poor work-
ng memory predicted growth in the frequency of alcohol use
n a community sample of adolescents (N = 358). Moreover, the
uthors found that the effect of working memory on alcohol use was
ediated by impulsivity suggesting that poor working memory
unctioning might increase impulsive behavior which subsequently
ncreases alcohol use among adolescents. In addition, Fernie and
olleagues (2013) found that several measures of impulsivity (i.e.,
elay discounting, risk taking and response inhibition) predicted
ncrease in alcohol use among young adolescents (12–13 years,
 = 287). The question remains, however, whether these deﬁcits
recede and predict the onset of adolescents’ drinking, since these
tudies have examined executive functioning after adolescents
lready consumed their ﬁrst drink, thus leaving open the possibil-
ty that the impaired executive functioning was already the result
f earlier drinking.
.3. Current studyIn the present study we examined the predictive effect of
orking memory and response inhibition, two executive functions
nder the heading of cognitive control, and frequently associatede Neuroscience 16 (2015) 139–146
with risk behavior, on the initiating of the ﬁrst alcoholic drink in a
sample of young adolescents (12–15 years, before the legal alcohol
buying age of 16 – in the Netherlands at the time of the study).
Although cognition involves many more aspects than executive
functions, we decided to focus on these two  cognitions, since partic-
ularly these functions are assumed to play a vital role in adolescent
alcohol use as they continue to mature in adolescence (Verdejo-
Garcia et al., 2008). Binge drinking is a common drinking pattern
among young adolescents, and it has been linked to several (health)
risk behaviors (Miller et al., 2007). We  therefore also examined the
predictive effect of executive functioning on the initiating of the
ﬁrst binge drinking episode (i.e., ﬁve or more glasses on a day).
Both adolescents form mainstream as well as adolescents from
special education (SE) were included in the study to ascertain vari-
ation in drinking behavior. Adolescents in SE schools have been
found to drink more heavily (Kepper et al., 2011) compared to ado-
lescents from mainstream education. Adolescents attend these SE
schools when they have behavioral problems (e.g., conduct prob-
lems, hyperactivity, attention problems), although they may  not
necessarily be diagnosed with a behavioral disorder. These exter-
nalizing behavioral problems are associated with relatively weak
WM functioning (Barkley, 1997; Pihl et al., 1990), and might place
adolescents at risk for problematic alcohol use and later alcohol
dependence.
We hypothesized that relatively weak working memory and
response inhibition would predict the initiating of the ﬁrst alcoholic
drink and the ﬁrst binge drinking episode in this sample. Discrete-
time survival analyses was  used to determine the initiating of the
ﬁrst drink and binge drink episode during the two-year follow-up
of the study and to evaluate the predictive effect of executive func-
tioning. Moreover, both functions have previously been associated
with adolescent alcohol use and problem drinking (Khurana et al.,
2012; Nigg et al., 2006), although their unique contribution to the
initiating of drinking has not yet been examined simultaneously.
2. Materials and method
2.1. Participants
This study was  part of a larger study in which we assessed self-
reported and behavioral cognitions, and personality styles related
to alcohol use and other risk behaviors. Participants were recruited
from several mainstream and 17 SE schools in the Netherlands.
Males were slightly overrepresented (69% boys versus 31% girls)
because more boys than girls attend SE schools (Oswald et al., 2003).
For both samples, informed consent of the child as well as pas-
sive parental consent was requested. In the mainstream sample,
37 parents declined participation of their child. For the SE sample,
15 parents and 7 students declined participation in this study. The
mainstream sample included 250 adolescents (69% girls), selected
from a national survey study, which was part of the International
Health Behavior of School-aged Children-survey (HBSC, Zanotti
et al., 2012). Adolescents who participated in the Dutch national
study were contacted for additional assessments after the comple-
tion of the main survey. The SE sample included 374 adolescents
(12% girls). For the purpose of this study, adolescents between 12
and 15 years were selected, resulting in a sample of 534 (371 boys,
163 girls) adolescents.
Data were collected at intervals of 6–8 months across four
waves. At baseline, 525 adolescents participated in the study (98%
of 534, note that some adolescents were absent during the ﬁrst
wave but participated in the following waves). Overall, 415 (78%)
adolescents participated in wave 2, 399 (75%) adolescents partici-
pated in wave 3, and 425 (80%) adolescents participated in wave 4.
Missing cases were imputed using a multiple imputation program
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i.e., multiple imputation by chained equations (MICE), which is
xplained below). The data over four waves were collected either
ia the Internet (in the case of mainstream education) or via a
rained research assistant (in the case of SE education). Adolescents
rom SE completed the questionnaire with pen and paper followed
y a computer session to assess the computer tasks. Five of the SE
tudents completed only the computer tasks at baseline and did not
omplete the questionnaire. Since we used multiple imputation to
andle missing cases, we included these adolescents in the study
or further analysis.
.2. Measures
.2.1. Demographical measures
Sex, age and externalizing behavioral problems were assessed
sing a questionnaire. The Strength and Difﬁculties Questionnaire
Goodman, 1997) was used to assess externalizing behavior prob-
ems (hyperactivity and conduct problems). The scale includes 25
tems, with three answering categories (i.e., not true, somewhat
rue or certainly true). For the purpose of this study we  used the
xternalizing subscale of this questionnaire, which includes items
uch as “I am restless, overactive and cannot stay still for long” or
I often loose temper”.
.2.2. Alcohol use
To determine the initiating of drinking and binge drinking (ﬁve
r more glasses on a day), we asked participants to indicate, for
eekend and weekdays separately, the number of glasses they
onsumed on an average single day (e.g., “When you consume alco-
ol on a week/weekend day how many glasses do you drink). For
he purpose of the survival analysis, this continuous measure was
ecoded as dichotomous variable. The initiating of ﬁrst alcoholic
rink was deﬁned as drinking at least one standard glass of alco-
ol (containing 12.5 ml  of pure alcohol) on a week or weekend day.
articipants received either a “one” or a “zero” on both variables,
hich served as an indicator of the occurrence of the event (i.e., ini-
iating of drinking or binge drinking; “one” indicated that the event
ccurred).
.2.3. Working memory
Working memory performance was assessed with the Self
rdered Pointing Task (SOPT; Petrides and Milner, 1982). Partic-
pants completed a concrete version of the SOPT. Pictures were
imultaneously placed at different positions on screen, starting
ith a practice trial of 4 pictures followed by four trials with 6,
, 10, and 12 pictures, respectively. The position of pictures on
creen was randomly shufﬂed in a number of variations equal to the
mount of pictures. Participants were asked to select each picture
nce throughout the variations, but not to select the same posi-
ion twice in a row. Participants were encouraged to complete the
ask without any errors. Irrespective of the errors made, all par-
icipants received the feedback “well done” after each trial. With
espect to the second instruction, the task was programmed not to
llow selecting the same location twice in a row. For each test trial,
 proportional error score was computed by dividing the number of
orrect responses by the number of total pictures within each trial
o account for task difﬁculty (Cragg and Nation, 2007). The total
OPT score was calculated by taking the mean of the proportion
f correct scores of the four trials. Higher scores indicated better
orking memory functioning.
.2.4. Response inhibition
Response inhibition was assessed using the Stroop task (Stroop,
935). The Stroop task, as a measure of response inhibition, has
een used successfully as a moderator in previous studies (Houben
nd Wiers, 2009; Peeters et al., 2012). Participants were instructede Neuroscience 16 (2015) 139–146 141
to indicate the color of the word (i.e., red, green, blue, or yellow)
that appeared on the screen by pressing the corresponding key on
the keyboard while ignoring the meaning of the word. Participants
started with a practice block, which consisted of 40 trials with sym-
bols (e.g., @@@@ or &&&&). The practice block was followed by a
test block with 28 trials. Trials could be congruent (i.e., meaning of
the word matches the color), neutral (i.e., colored symbols instead
of words), or incongruent (i.e., meaning of the word differs from the
color), and they were presented in random order between partici-
pants. Each trial was  repeated until a correct answer was given. An
error message, including a description of the keys used and their
corresponding color, followed an incorrect response. A response
inhibition score was calculated by subtracting the RTs on neutral
trials from the RTs on incongruent trials, with higher RTs indicat-
ing more problems with control. For analytical purposes, RTs were
divided by 1000.
2.3. Missing data
Because we wanted to determine whether a participant ini-
tiated drinking and/or binge drinking during study follow-up, it
was necessary to have a data set that was  as complete as possi-
ble. Missing data, especially when it involves a risk factor or event,
is particularly problematic in survival analyses (van Buuren et al.,
1999). Multiple imputation (MI) is a commonly used method to
handle missing data. Previous results indicated that MI is a reliable
and valid method (Sterne et al., 2009). However, to check whether
this was also the case for the present sample, a simulation study
was performed (performed on the high-risk sample, which had the
largest number of missing data). To determine the best method to
handle the missing data, several options were compared, including
listwise deletion, manual ﬁll in methods (e.g., looking at previous or
subsequent wave/looking at majority/ﬁlling in zeros at each miss-
ing), and MI.  We  compared the ﬁve methods on two criteria that
were relevant for our study: (1) percentage of onsetters that would
be identiﬁed by each method and (2) the predictive effect of two
variables commonly associated with alcohol use, namely sensation
seeking and impulsivity. The results revealed that multiple impu-
tation was  the optimal method to handle the missing data in the
current study (paper submitted for publication, detailed descrip-
tion of the simulation study can be requested from the ﬁrst author).
We used the program MICE (R-package in R) to create ﬁve dif-
ferent imputation ﬁles, which were transported to Mplus version
7 (Muthén and Muthén, 1998–2010) for survival analyses. MICE
replaces the missing information with plausible values by both
minimizing the uncertainty and the bias of the model (van Buuren
et al., 1999). Plausible values are imputed based on carefully cho-
sen confounding variables that serve as predictors of the missing
values. For the present study, we  checked correlation matrices to
determine the variables that should be used to predict missing data.
Both covariates and the outcome measure were included in the
imputation model, as recommended by the developers (van Buuren
and Oudshoorn, 2000). For the binary variables, we chose the logis-
tic regression method. For all other continues covariates, we used
the predictive mean matching method. Lifetime alcohol use, daily
smoking, drug use (cannabis, ecstasy, cocaine, hallucinogens), gen-
der, age, and personality (impulsivity, sensation seeking, anxiety,
and hopelessness) were selected as predictors of missingness.
2.4. Analytical procedure
First, descriptives for demographical information, alcohol use
and executive functioning were presented for the two samples sep-
arately (mainstream versus SE, Table 1) and for the onset and binge
sample separately (Table 2). Second, the ﬁve imputed data ﬁles
were prepared for discrete-time survival analysis. Since the aim
142 M. Peeters et al. / Developmental Cognitive Neuroscience 16 (2015) 139–146
Fig. 1. Structural survival model with age indicators (12–17 years) and predictors (i.e.
Table 1
Descriptives for the two samples (mainstream versus special education) separately.
Mainstream
education
Special
education
t-Test
Age 13.84 (.82) 13.70 (.73) t(532) = −1.93
Sex  (%boys) 39 88
Hyperactivity problems (SDQ) 1.62 (.46) 1.93 (.48) t(501) = 10.94*
Conduct problems (SDQ) 1.26 (.23) 1.60 (.38) t(501) = 6.72*
Alcohol quantity baseline .28 (1.52) 3.13 (7.66) t(503) = 4.81*
Working memory .80 (.09) .73 (.10) t(493) = −7.51*
Response inhibition .07 (.22) .21 (.35) t(492) = 4.89*
SDQ = Strength and Difﬁculties Questionnaire.
* p < .05.
Table 2
Descriptive statistics for the total sample, the onset sample and the binge drinking
sample.
Total (N = 534) Onset (N = 336) Binge (N = 458)
M SD M SD M SD
Age baseline 13.75 .76 13.69 .77 13.73 .78
Alcohol use 2.19 6.45 0 0 .35 .83
Response inhibition .16 .32 .13 .30 .14 .30
Working memory .75 .11 .76 .10 .76 .11
Note: The total sample contains all participants from both sample origins (main-
stream and special education). The onset sample contains only the part of the total
sample that did not drink at baseline. The binge sample contains only the part of the
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Table 3 shows the results of the survival analysis with working
memory and response inhibition as predictors of the ﬁrst alco-
holic drink and binge drinking episode. Multigroup analysis favored
the model in which we  constrained sex differences to be equal
Table 3
Odds ratio’s and standardized regression coefﬁcients for response inhibition and
working memory predicting onset of drinking and binge drinking.
Onset (N = 336) Binge (N = 458)
Odds  ˇ p Odds  ˇ p
Response inhibition 2.20 .80 .01 1.45 .37 .57otal sample that did not binge at baseline.
f the study was to examine executive functioning as risk factor for
nitiating a ﬁrst alcoholic drink, we excluded all adolescents who
lready consumed alcohol at baseline (for the onset sample) and all
dolescents who already engaged in binge drinking (drinking ﬁve
r more glasses) at baseline (for the binge sample). For each ado-
escent, the age of the onset and the age of the ﬁrst binge drinking
pisode were assessed for every half a year (e.g., 12, 12.5, 13, . . .,  17),
esulting in 11 possible time points at which the event could have
ccurred (see Fig. 1). Using Mplus for the discrete-survival analysis,
 latent factor of the probability that an individual would experi-
nce the event at a certain time point (i.e., age) was estimated.
Survival analyses were conducted using Mplus version 7
Muthén and Muthén, 1998–2010). The factor loadings assessing
he probability of the event occurrence (see Fig. 1 onset/binge) were
xed at one (see Fig. 1 age indicators) to ascertain that the effect
f executive functioning on the onset of alcohol use/binge drinking
as the same for each age. Residual variances were ﬁxed at zero.
e tested for possible sex differences using multigroup analyses.
e used the clustering option in Mplus to account for the effect of
etting (home versus school assessment)., response inhibition and working memory) of the initiating of (binge) drinking.
3. Results
3.1. Descriptives for separate groups (special education versus
mainstream)
Table 1 represents the descriptive statistics for adolescents from
mainstream and special education separately. As can be seen in
Table 1, students in SE education signiﬁcantly differed on sex,
hyperactivity and conduct problems, executive functioning and
alcohol use from mainstream students. Effect sizes for difference
in working memory and response inhibition were of medium size
(Cohen’s d working memory = .53, response inhibition = .46).
3.2. Descriptives total group
Table 1 includes descriptive statistics of age and executive
functioning at baseline for the total sample and the two  ana-
lytical samples (i.e., onset and binge drinking) separately. Small
differences for sum scores on the two executive functioning task
emerged. We  used t-tests to examine whether possible differ-
ences in executive functioning were found between the group
who already engaged in drinking at baseline (excluded from the
study) compared to alcohol naive adolescents at baseline (included
in the study). Signiﬁcant differences on executive functioning at
baseline emerged between the two  groups with lower scores for
working memory (M = .72 for drinkers and M = .76 for alcohol naïve
adolescents) and higher scores for response inhibition (indicating
relatively weaker executive functioning for the drinkers (working
memory: t = 3.26, p = .01; response inhibition: t = −2.36, p = .02).
Figs. 2 and 3 represent the cummulative incidence rates of the
initiating of ﬁrst drink (Fig. 2) and ﬁrst binge drinking episode
(Fig. 3) for the total group and the non-(binge)drinking group at
baseline.
3.3. Prediction of ﬁrst drink and ﬁrst binge drinking episodeWorking memory .60 −.51 .01 .43 −.84 .04
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BIC constrained onset = 1338, BIC unconstrained onset = 1347;
IC constrained binge = 1645, BIC unconstrained binge = 1696),
uggesting no signiﬁcant differences in the predictive effect of
orking memory and response inhibition on the initiating of
binge) drinking. Both executive functions were analyzed in a mul-
ivariate model to examine the unique inﬂuence of each function.
oth working memory and response inhibition predicted the initi-
ting of the ﬁrst alcoholic drink. Weaker working memory (  ˇ = −.51,
R = .15, p = .01) and poorer response inhibition (  ˇ = .80, OR = 3.12,
 = .01, higher scores indicate poorer response inhibition) increased
he likelihood that adolescents would initiate drinking during study
ollow-up, indicating an earlier initiating of ﬁrst drink and ﬁrst
inge drinking episode for those adolescents with relatively weaker
xecutive functions.
Working memory, but not response inhibition predicted the ini-
iating of a ﬁrst binge drinking episode. Lower scores on working
emory (  ˇ = −.08, OR = .33, p = .04) increased the likelihood that
dolescents would initiate binge drinking during study follow-up.
. Discussion
The present study was one of the ﬁrst to examine the predictive
ffect of executive functioning on the initiating of the ﬁrst alcoholic
rink and binge drinking episode among young adolescents, and
he ﬁrst to examine adolescents who were alcohol-naïve at base-
ine. The results indicated that relatively weak working memory
redicted both the initiating of the ﬁrst alcoholic drink and the ﬁrst
inge drinking episode, beyond the effect of response inhibition. In
Fig. 3. Cumulative incidence rates of the onset age of binge drin the total sample and the onset sample separately.
addition, relatively poor response inhibition predicted the initiat-
ing of drinking beyond the effect of working memory, however, no
effect was found for the prediction of ﬁrst binge drinking episode.
Particularly adolescents from SE education revealed relatively poor
working memory functioning and response inhibition, a ﬁnding
supported by previous studies (Barkley, 1997; Pihl et al., 1990;
Nigg et al., 2006). It seems likely that the a poorer level of exec-
utive functioning, observed in these adolescents, place them at risk
for an early initiating of (binge) drinking which eventually might
increase the risk for problematic alcohol use, later in adolescence
(King and Chassin, 2007).
The ﬁndings of this study are in agreement with those of
Khurana and colleagues (2012) who  found that executive func-
tioning, and more speciﬁcally working memory, predicted increase
in frequency of drinking among young adolescents. Fernie and
colleagues (2013) found similar results, revealing that response
inhibition (and two other measures of impulsivity) predicted alco-
hol use six months later. Nigg and colleagues (2006) found that
executive functioning predicted problem drinking behavior in high
risk adolescents (adolescents from alcoholic families). In their
study, poor response inhibition at age 12–14 predicted the onset of
alcohol related problems at age 15–17. However, unlike Nigg et al.
(2006), we did not ﬁnd a predictive effect of response inhibition
on binge drinking. A different sample, a different task, a different
outcome variable and different analyzing techniques were used in
the current study, which might explain the divergent results. It is
possible that the Stroop task, used in this study to assess response
inhibition, was less sensitive in detecting differences compared
king for the total sample and the onset sample separately.
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o the working memory task, perhaps explaining why we did not
nd a unique effect of response inhibition on the initiating of the
rst binge drinking episode. In addition, results indicate that deci-
ion making is impaired after alcohol consumption. Good working
emory functioning allows better decision making. It therefore
ight be possible that poorer working memory functioning impairs
ecision making resulting in more drinking/binge drinking (George
t al., 2005).
Khurana and colleagues (2012) found that impulsivity fully
ediated the effect of working memory on the drinking behavior of
dolescents, suggesting that weaknesses in working memory affect
ehavior through disinhibition and impulsivity. Contrary to what
hurana and colleagues (2012) found, the results of the present
tudy indicated that at least two executive functions uniquely con-
ributed to the prediction of the initiating of drinking behavior. In
ddition, in the present study, working memory was  a unique pre-
ictor of binge drinking in adolescents while disinhibition was  not.
he latter ﬁnding is in agreement with several studies that have
ound associations between binge drinking and working memory
unctioning (Stephens and Duka, 2008a; Crego et al., 2009; Squeglia
t al., 2011). However, these cross-sectional studies (Crego et al.,
009; Squeglia et al., 2011) do not shed light on the direction of the
elation. Although the results of the present study do not rule out
 reverse effect of alcohol use on cognitive functioning (e.g., bidi-
ectional effect cf. Peeters et al., 2014), the results do reveal that
ome weaknesses in executive functioning precede the initiating
f drinking behavior. The continued use of alcohol may  aggravate
he pre-existing deﬁcits (Khurana et al., 2012; Peeters et al., 2014),
ausing delay in development or even decline in the performance
n executive functioning tasks.
.1. Limitations
Besides the strengths of the study, such as the large sample
ize of young adolescents and the inclusion of a high-risk sam-
le, some limitations should be considered. Although the exact
ame measures with the same instructions were used in the two
ifferent samples (mainstream and SE education), the assessment
rocedure was slightly different. Adolescents in the high-risk sam-
le completed tasks under the guidance of a research assistant
hile adolescents in the mainstream sample completed assess-
ent at home (i.e., online assessment). For that reason we adjusted
or clustering effects due to differences in assessment setting.
urthermore, it is possible that the exclusion of drinkers at the
tudy baseline limits the representativeness of the current sam-
le compared to national averages. Though, adolescents who  were
xcluded from the analysis revealed signiﬁcant worse working
emory functioning and poorer response inhibition, which is in
ine with our ﬁndings (an early initiating of alcohol use is predicted
y relatively weak executive functioning). The generalizability of
hese results is restricted due to the speciﬁc characteristics the
pecial education sample (e.g., externalizing behavioral problems).
nfortunately, we could not control for behavioral disorders in
ur analysis because information about DSM IV behavioral disor-
ers was not collected (only general and limited information on
xternalizing behavior was available by means of the SDQ). Nev-
rtheless, in the Dutch educational setting, approximately 5% of
he students in secondary education attend a school for special
ducation. Therefore, these students reﬂect an important part of
he Dutch student population. Furthermore, multiple imputation
as been criticized as method of handling missing data because it
ould add noise to the data (Rubin, 1996). This criticism appears
o lose its value because recent sophisticated imputation methods
re able to handle missing data better compared to older meth-
ds, such as list wise deletion (Rubin, 1996; Sterne et al., 2009). In
ddition, the simulation study in the present study supported thise Neuroscience 16 (2015) 139–146
critique. Moreover, in the present study binge drinking was deﬁned
as drinking ﬁve or more glasses on a day. Generally, binge drinking
refers to drinking ﬁve or more glasses at one occasion (Wechsler
and Nelson, 2001). However, it seems unlikely that adolescents of
this age (12–16 years) regularly have the opportunity to drink in
the afternoon as well as in the evening on weekend days. More-
over, binge drinkers consumed on average almost nine glasses on
a binge drinking day, which can be interpreted as heavy drinking
for such young adolescents. Nevertheless, it is possible that some
of the adolescent binge drinkers in this study did not consume all
ﬁve glasses in a row or at one occasion. A related possible limitation
of the study is that alcohol use was  assessed based on the partici-
pants’ own indication, with no external corroboration from parents
or friends. This potentially allowed participants to over report or
underreport their alcohol use. Nevertheless, a study by Koning and
colleagues (2010) revealed that self-report of alcohol use is a reli-
able method to assess alcohol consumption of adolescents. Lastly,
recent studies suggest that repeated cycles of binge drinking are
associated with executive dysfunction, and poor working memory
performance in particular (Duka et al., 2004; Stephens and Duka,
2008b). Since we only examined the ﬁrst episode of binge drink-
ing we were not able to look at this relation. Future research could
include number of binge episodes as important covariate in relation
to executive functioning.
4.2. Implications and conclusion
The ﬁndings of the current study have implications for theory
and for prevention. First, to the best of our knowledge this study is
one of the ﬁrst to demonstrate that deﬁcits in executive function-
ing precede the initiating of drinking among adolescents. Previous
studies have found strong indications for executive functioning
being a risk factor for alcohol use among adolescents, however,
the design of these studies prevented to derive strong inferences
about deﬁcits in executive functioning preceding the actual onset of
drinking behavior (see Peeters et al., 2014, for an overview). Second,
several clinical studies have found cognitive deﬁcits after heavy and
prolonged alcohol use (Hanson et al., 2011; Tapert et al., 2002). It
is possible that some of these found deﬁcits were already present
before drinking behavior was  initiated, and a magniﬁed and biased
effect of alcohol on adolescents’ cognitive functioning may  arise.
It should be noted, however, that these studies excluded adoles-
cents with an externalizing behavioral disorder (conduct disorder,
ADHD), while the current study included adolescents with exter-
nalizing behavioral problems. In addition, deﬁcits have been found
for a wide range of cognitive functions (e.g., attention, visuospatial
functioning), and alcohol might affect speciﬁc parts of the adoles-
cent brain differently. Further research is needed to specify which
cognitive functions are susceptible to heavy drinking and which
functions are mainly of interest in predicting the drinking onset of
adolescents.
With respect to prevention, the ﬁndings of the present study
conﬁrm the importance of early interventions. It has been demon-
strated that executive functions moderate the effect of implicit
cognitive motivational processes on alcohol and substance use in
adolescents (Grenard et al., 2008; Peeters et al., 2012; Thush et al.,
2008). As these processes get stronger with increased drinking,
delay of the onset of drinking appears to be a good general strategy
to prevent problematic alcohol use in adolescents (Koning et al.,
2009, 2011). As some adolescents appear to be at a greater risk for
an early onset of drinking, additional targeted prevention might
be warranted as well (cf. Conrod et al., 2008). Recently several
promising interventions have been introduced to increase response
inhibition (Houben et al., 2011) and working memory (Klingberg
et al., 2005; Dovis et al., 2012) in adolescents and young adults.
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hese training methods contribute to an increase in executive con-
rol, and they might eventually postpone the age of the onset.
The ﬁndings of this study demonstrate that pre-existing deﬁcits
n executive functioning predict the initiating of the ﬁrst alcoholic
rink and ﬁrst binge drinking episode among young adolescents.
he results suggest that relatively weak working memory and
isinhibition are risk factors for the early initiating of drinking.
oreover, weak working memory functioning is a risk factor for
inge drinking. A continued heavy drinking pattern might further
orsen executive functioning (Squeglia et al., 2009; Tapert et al.,
002), beyond these pre-existing effects. Future research could
eneﬁt from disentangling cognitive deﬁcits induced by alcohol use
rom cognitive deﬁcits that predict alcohol use, with the current
ndings providing a ﬁrst modest step.
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